Abstract. The influence rule of different particle sizes of the SiO 2 aerogel played on the high performance concrete-special fire retardant coating mortar was tested, so was strength, resistance to water and heat conduction performance. The design of mortar mix ratio was based on volume method, the total volume of the aerogel and sand was fixed to 60%, two kinds of particle size of commercial SiO 2 aerogel were used to replace the fine aggregate which are 0.5-2mm and 0.5-4mm and the replace rate were 0%, 20%, 40%, 60%, 80% respectively. The performance of fire retardant mortar has been improved through adding TiO 2 , renewable disperse latex powder, methyl cellulose ether and polypropylene fiber. The result was indicated that the strength, water resistance and thermal conductivity of two kinds of particle size of mortar meet the requirements of fireproof material. The 28d compressive strength, 28d flexural strength and thermal conductivity of aerogel mortar 0.5~2mm were less 32%, 37% and 7% than that of aerogel mortar with 0.5~4mm, while the softening coefficient of aerogel mortar with 0.5~2mm was more 8% than that of aerogel mortar with 0.5~4mm respectively. The structure of aerogel mortar with 0.5~2mm is uniform and loose, and it is more suitable for the preparation of fire retardant mortar, alongside scanning electron microscopy (SEM) analyses.
Introduction
With the rapid growth of the national economy and the increasing tension of land resources, many countries have accelerated the development of railways, road tunnels and urban subway traffic to relieve the ground traffic pressure. China has been becoming the country possessing the largest number and fastest developing speed in tunnel [1] . However, the tunnel fire protection work in china started too late and tunnel fire accidents are showing an increasing trend, not only caused a lot of casualties and property damage, but also triggered a serious political impact and a crisis of confidence [2] .
In all kinds of countermeasures to eliminate or alleviate the peeling problem of tunnel concrete structure fire, the coating technology of surface treatment of tunnel concrete is relatively good, the construction is convenient, and it is suitable for many advantages such as new construction and existing tunnel. However, the existing coating technology still has many bottlenecks in the application, the development of thermal insulation performance, thin thickness and heat shock, hydrophobic, and the bond strength of concrete coating material is imminent [3] .The aerogel has an ultra-light weight (0.001-0.5g/cm 3 ), a high porosity(95-99.8%), a super-adiabatic property (0.005-0.018W/(mK) at 25°C under 1 atm). Easy to function (add the corresponding high-temperature infrared radiation inhibitor graphite, TiO 2 , etc.) makes this material have potential in thermal insulation [4] . Currently researches on aerogel mortar has just begun, the German Aerospace Center DLR Ratke developed a new type of lightweight aerogel cement fire in 2008. Its fire performance can be achieved at 1150 C for 120 minutes without damage. The Swiss company FIXIT aerogel mortar used for building exterior insulation, and achieved good results [5] . However, there is no report on the application of aerogel mortar to improve the anti-bursting performance of concrete. In order to study the delayed effect of aerogel mortar as a coating on the high temperature bursting of concrete under tunnel fire, the aerogel particles were directly added into the mortar mix. The effect of aerogel, the effect of particle size on mortar density, mechanical properties, thermal conductivity, water resistance and so on.
Experimental Procedures

Materials
Materials used in this study were: the cement was ordinary Portland cement type (particle density: -3140kg/m 3 ) from Jiangsu Yangzi cement Co. Ltd., China; Fine aggregate use natural river sand with specific gravity of 2620kg/m 3 and aerogel from Guangdong Alison Hi-Tech Co., Ltd., China. compositional details are reported in Table 1 . Since the effect of aerogel particle size was the focus of this study, two particle sizes of aerogel were used. Four admixtures were used for the AIM preparation, which are silica fume with a specific surface area of 2759kg/m 3 , methyl hydroxyethyl cellulose ether (HPMC 200000s) and redispersible powder (RP,VINNAPAS 5044N) were made in Shanghai Chenqi Chemical technology Co., Ltd., China, and TiO 2 was obtained from Shanghai Lingfeng Chemical technology Co., Ltd., China. 
Experimental Procedures Sample Preparation
Materials including sand, cement, silica fume, powder, fiber and TiO 2 are dry-mixed about 20 minutes in mortar mixer, and then water is mixed until smooth. After this, SiO 2 aerogel are used with some water reducing agent about 3-4 minutes and controlled by mortar consistency about 7-8cm. After 2 days standing, cement paste can be taken out from formwork and curing to 28d in standard curing box.
Performance Test
Aerogel mortar compressive strength is tested by GB/T 5486. It can be seen from Figure 2 and 3 that with the increase of the content of aerogel, the mechanical properties of the aerogel particles are decreased obviously, which is mainly due to the low strength of the aerogel particles. The difference is that when the dosage of the aerogel particles increases from 0% to 40%, the particle size of mortar mixed with 0.5~2mm aerogel particles, the flexural strength decreased from 12.08MPa to 3.80MPa, the compressive strength decreased from 63.94MPa to 20.00MPa, decreased by about 68%, the variation is big; and for mixing with the diameter of 0.5~4mm mortar aerogel particles, the flexural strength decreased from 12.08MPa to 7.02MPa, the compressive strength decreased from 63.94MPa to 33.50MPa, decreased 41% and 47%, the trend is relatively flat [8] .
In the case of the same amount of admixture, the mechanical properties of mortar mixed with 0.5~4mm aerogel particles are better than that of 0.5~2mm aerogel particles. On the one hand, because the aerogel particles added for its low strength lightweight materials, basically not to the "skeleton", the strength of cement mortar is mainly provided by the hardened cement, and aerogel particles 0.5~2mm specific surface area is large, need more to cement mortar wrapped, lead in the reduction of cementitious materials bonding, the strength of cement mortar decreased [9] ; on the other hand, according to the theory of particle interference, the gap should be smaller particles larger particles filled, and filled with particle size not greater than the gap spacing, otherwise the potential interference phenomenon Betfair [10] . Therefore, when the 0.5~4mm gel particles were added into the mortar, the inner void filling was better, the holes were less, and the mechanical properties were better. At the same time, in the aerogel dosage under the same conditions, the smaller the particle size, the more the interfacial transition zone between mortar system aerogel particles and cement and other materials, the interface transition zone become the weak part become the weak parts of the mechanical properties, resulting in lower mechanical properties. It can be seen in the Figure 4 and 5 that the water absorption of mortar increased obviously, with the increasing of aerogel content. It's quite potential for two reasons, on the one hand, with the increase of the content of aerogel particles, the hole in the mortar gradually increased and the water absorption increased; on the other hand, the aerogel has strong hydrophobicity, and the incorporation of it can destroy the combination of cement and other materials in the mortar with water, so as to increase the adsorption water of cement and other materials. The particle size of aerogel particles had no obvious effect on the water absorption of mortar. Figure 4 shows that when the content of the aerogel is the same, the difference of the water absorption of the mortar with different particle size is about 1%. As can be seen from Figure 4 , when the content of the aerogel is increased from 0% to 60%, the softening coefficient of mortar increases, but when the content of aerogel increases from 60% to 80%, the softening coefficient of mortar decreases sharply. It is indicated that the hydrophobicity of the aerogel itself can improve the water resistance of the mortar. The mortar has the best the water resistance, when the content of aerogel is 60%. Nevertheless, when the content of aerogel increases, the water resistance of the mortar decreases, which is due to the excessive amount of aerogel, the destruction of the mortar structure is more thorough, the formation of too many cracks and holes. The variation trend of the softening coefficient of mortar is the same as that of the aerogel particles with different particle sizes, but the softening coefficient of 0.5~2mm aerogel particles is always higher than that of 0.5~4mm aerogel particles. This is because the distribution of 0.5~2mm aerogel particles in the mortar is more extensive and uniform, and it is easier to give more fully play to the aerogel hydrophobic, resulting in better water resistance of the mortar. Figure 6 . Thermal conductivity of different substitution rate of aerogel.
Water Absorption and Softening Coefficient
Thermal Conductivity
It can be seen from Figure 6 , with the aerogel content gradually increased, the thermal conductivity of mortar decreased significantly. When the aerogel content of the mortar is 0%, its thermal conductivity reaches up to 0.57W/mk. When the aerogel content of the mortar increases to 80%, its thermal conductivity decreases to 0.35W/mk, a decrease of nearly 39%. In the absence of aerogel particles, sand is the main aggregate of mortar, so the high thermal conductivity of sand will inevitably lead to poor insulation properties of mortar. The thermal insulation performance of mortar can be greatly improved by the thermal conductivity of 0.005W/mk after aerogel particles are gradually increased. At the same time, the incorporation of aerogel particles can destroy the properties of mortar Cement and sand and other materials combined, increase the mortar in the hole, forming a porous structure, further reducing the thermal conductivity of mortar [11] .
The thermal conductivity of mortar with 0.5 ~ 2mm aerogel particles is 6.8% lower than that of mortar with 0.5 ~ 4mm aerogels evenly. The reason is that on the one hand, 0.5 ~ 2mm aerogel particles have a single particle size, which is not as good as 0.5 ~ 4mm aerogel particles when they are mixed into mortar, forming more holes and reducing mortar of the thermal conductivity; On the other hand, in the case of the same aerogel particle content, the distribution of aerogel particles in the mortar is more uniform due to the small size and huge number of 0.5 ~ 2mm aerogel particles, and the low thermal conductivity coefficient of the aerogel particles play a role fully , thereby enhancing the thermal insulation of mortar performance .
Conclusions
(1)The mechanical properties of mortar demonstrated downward trend in the wake of the increase of the volume of aerogel. The flexural strength and compressive strength decreased by 85% and 90% when the content of aerogel that the particle size was between 0.5mm and 2mm augmented from 0% to 80%,respectively. The flexural strength and compressive strength attenuated by 77% and 83% when the particle size of aerogel was between 0.5mm and 4mm. Compared the above two conditions, the decreasing amplitude of the former was more obvious.
(2)According to the coefficient of softness, the resistance to water of 0.5~2mm aerogel mortar was superior to that of 0.5~4mm aerogel mortar. The coefficient of softness of two particle sizes aerogel mortar run up to the highest when the aerogel content was 60%, which was 87% and 75%, respectively.
(3)Compared to 0.5~4mm aerogel mortar, the thermal conductivity mean value of 0.5~2mm aerogel mortar decreased by 6.8% in different replacement rate.
(4)The aperture gaps of 0.5~2mm aerogel fireproof mortar were small and dense, while the 0.5~4mm aerogel fireproof mortar were large and sparse. By comparison, the former was more applicable to tunnel fire retardant coating.
